Numerous reports have appeared in the literature pertaining to laboratory studies of compounds that will inhibit microbial growth. The inhibitors that were found to be effective have been used in attempts to control microbial deterioration of various materials. These inhibitors have not functioned properly in some instances, and the investigators that reported these compounds to be effective have been blamed for such failures. It appears that the basic concepts pertaining to the intelligent use of inhibitors have been completely ignored.
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The variation in sensitivity to inhibitors of different strains of the same species is a factor of vital importance in the control of microbial deterioration. It is not sufficient to study the sensitivity of one stock culture to a particular compound but, instead, many strains should be examined and the concentration of the inhibitor must be sufficient to inhibit the most resistant strain that is likely to be encountered in the deterioration problem.
The present investigation was undertaken to demonstrate the importance of this factor in the control of microbial deterioration. Phenols and nitroparaffin derivatives were selected because the variation in sensitivity of microorganisms to these compounds has not been studied extensively. Pseudomonas aeruginosa was selected as the test organism because it is involved in some deterioration problems and no variation in sensitivity studies using this organism could be found in the literature. Several experiments were performed in nutrient broth and, in addition, studies were carried out in metal cutting fluids in order to show that the phenomenon is not a laboratory oddity but is a basic factor in the preservation of any material from microbial attack. and incubated for 15 hr at 37 C. A Klett-Summerson3 photoelectric colorimeter with a blue filter and sterile nutrient broth were used to produce a uniform turbidity (optical density of 0.1) in each culture.
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The experiment was repeated after the cultures had been stored under refrigeration for 92 days (table 3) . Cold storage for 11 weeks had a marked effect on the sensitivity of the individual strains. All of the cultures showed increased sensitivity to p-chlorophenol and 10 strains showed increased sensitivity to 2,4,6-trichlorophenol. Under identical conditions, 11 strains showed increased resistance to o-phenylphenol, 10 strains showed increased resistance to 4-tert-butyl-2-phenylphenol and o-sec-butylphenol, and 9 of the strains to p-nitrophenol. The cultures exhibited less variation in sensitivity to 2,4, 6-trichlorophenol and p-chlorophenol after cold storage whereas, under the same conditions, there was an increase in the variations in sensitivity to 4-tert-butyl-2-phenylphenol, p-cyclohexylphenol, o-secbutylphenol, and o-aminophenol.
The strains were studied for their variations in sensitivity to phenols in a metal cutting fluid (table 4) . It appearsthat, generally, cultures of P. aeruginosa are more sensitive to phenols in an emulsion oil that in nutrient broth. This is of interest because the emulsion had a pH of about 8.5 whereas the nutrient broth was adjusted to a pH of 7.0. The variation in sensitivity as implied by the standard deviation was markedly less with 2,4, 6-trichlorophenol and p-cyclohexyphenol in the emulsion than in nutrient broth. It is also interesting Variation in sensitivity of different strains 500   60  750  7  100  550  30  250  100  200  500  80  750  8  100  750  30  150  200  200  500  60  750  9  100  750  40  200  200  200   500   60  750  10  100  750  80  200  200  200   500   60  750  11  200  800  50  250  200  200   500   40  750  12  100  600  50  200  100  100   500   80  1000  13  100  600  20  200  200  200  500  20  1000  14  100  650  5  250  200  100  500  40  750  15  100  600  10  200  200  200  500  40  750   Mean  110  623  34  206  160  180  526 to note that p-chlorophenol and p-cyclohexylphenol showed poor activity against the organisms in nutrient broth but were about as active in the emulsion oil as any of the other phenolic compounds.
The variations in sensitivity of P. aeruginosa to the new nitroparaffin inhibitors were also studied (table 5) .
The strains were found to be more sensitive to these inhibitors than to the phenols and, in addition, there was less variation in sensitivity with the nitroparaffins. The degree of variation in sensitivity exhibited by one strains of P. aeruginosa in six different cutting fluids was investigated and the results may be found in table 6 . The sensitivity of the strain varied depending upon the cutting fluid in which it is suspended. DISCUSSION The variation in sensitivity of bacteria to inhibitors is a very important factor in the proper use of antimicrobial agents. In spite of this fact, very few studies of this type have been reported in the literature (Marion, 1937; Lassuer and Laroche, 1938; Wolf, 1945 ). An example of the results reported may be found in a paper by Vicher et al. (1937) This factor may be one of the reasons why confficting reports can be found in the literature pertaining to the effectiveness of an inhibitor in a particular situation. For example, Wheeler and Bennett (1956) observed that a concentration of 1000 ppm of 2,4,6-trichlorophenol inhibited the growth of aerobic bacteria in metal cutting fluids; however, Pivnick and Fabian (1953) and Bennett (1956) Lockemann and Ulrich (1932) found that repeated tests using the same cultures and phenolic inhibitors only occasionally gave reproducible results. Vicher et al. (1937) also observed that there was a day to day variation in the resistance of individual strains of S. aureus to phenols. P. aeruginosa exhibited the same type of variation; the experiments carried out several weeks apart showed marked differences in the sensitivities of the cultures.
The sensitivity of bacteria to an inhibitor may also depend upon the environment and conditions of growth. Paneth (1926) observed that cultivation of P. aeruginosa on different media could increase or decrease the resistance of the organism to antiseptics. In the present investigation it was observed that the cultures were more sensitive to phenols in cutting fluids than in nutrient broth. In addition, there were differences in sensitivities depending upon the particular cutting fluid used. Three times as much 2-nitro-1-butanol was required to inhibit P. aeruginosa in cutting fluids 5 and 6 as in 1. When selecting an inhibitor for use in any type of industrial deterioration problem, it is important to find a compound that exhibits considerable inhibitory activity against the organism involved and very little variation in sensitivity among different strains of the same species. In general, the nitroparaffin derivates were found to be superior to the phenols. They show greater inhibitory activity against pseudomonads and they exhibit less variation in sensitivity among the different strains. The results show that 2-nitro-2-ethyl-1,3-propanediol dipropionate and tris(hydroxymethyl) nitromethane are superior to the other nitroparaffins or phenols. These compounds appear to have widespread use in many types of industrial deterioration problems.
In addition to pointing out some factors of practical importance in the control of microbial deterioration, the results also point out some observations of fundamental importance. It would be of considerable interest to know why cold storage increased the sensitivity of all 15 strains to p-chlorophenol and, at the same time, increased their resistance to o-phenylphenol. Szeremi (1951) observed that strains of Escherichia coli isolated from warm-blooded animals were more resistant to heat and phenols than were strains obtained from coldblooded animals.
It also would be interesting to know why more variation in sensitivity was noted in emulsion oils than in nutrient broth with some phenolic inhibitors, why cold storage reduced the variations in sensitivity of cultures to certain inhibitors, and why there were greater variations in sensitivity with some inhibitors than with others.
(ppm) necessary to completely inhibit growth. P. F. BONVENTRE AND L. L. KEMPE SUMMARY A study was made pertaining to the variations in sensitivity to inhibitors that may be encountered in industrial deterioration problems. The results indicate that at least three types of variations are involved: first, the variation in sensitivity of different strains, secondly, the variation in sensitivity of an individual strain, and finally, the variation produced by the particular environment in which the inhibitor is studied.
